Abstract: This study illustrates the inherent complexity and uncertainties surrounding the Guatemalan potato moth pest on Tenerife that has affected potato crops for several decades using a Socio-Institutional methodology and a farmers' focus group. It focuses on detecting major socioeconomic and environmental impacts caused by the pest. It identifies the stakeholders and historical decisions involved as well as systemic uncertainties. This methodology generates socially robust knowledge and introduces new variables into future decision-making processes. The results show that the efforts made so far to control the pest, based on technical and scientific knowledge, have not been commensurate with the enormous complexity of the issue. Novel alternatives to eliminate the plague and new recommendations have emerged after the application of the methodology. These alternatives and recommendations are related to breaking the reproduction cycle of the moth; promoting agro-ecological strategies and participatory processes; and dealing with uncertainties such as climate change or loss of agro-biodiversity on the island.
Introduction
This paper aims to illustrate the complexity involved in dealing with an agricultural pest and the possibilities that exist to establish a more participatory and collaborative practice in pest management and decision-making processes, specifically, regarding the introduction of the Guatemalan potato moth (Tecia solanivora) on the island of Tenerife (Canary Islands). To this end, a Socio Institutional Analysis [1, 2] was carried out in order to: (a) identify the stakeholders and their perceptions of the issue; (b) elaborate a broad framing of the problematique; (c) highlight the uncertainties affecting potato production; and (d) elicit new actions and alternatives to take. The approach consisted of an extensive literature review and a series of interviews aimed at broadening the scale of analysis. This provides social, economic and ecological variables that can help experts take relevant decisions in concrete cases where previous management strategies have not achieved the expected results. This information was complemented with farmers' views to enrich the analysis by integrating existing knowledge with their perceptions.
In recent decades, agricultural research and practice, and Integrated Pest Management strategies, have widened its scope to include the study of agricultural systems, taking into account the various This paper is structured as follows. Section 2 describes the importance of potato production in Tenerife, and how the pest has spread throughout the island and its impacts on the local economy, employment, landscape, ecology and biodiversity. Section 3 refers to the method used. In Section 4, several results are presented: a stakeholder analysis and mapping; the main deficiencies or wrong decisions taken so far; the hidden uncertainties influencing the problem; and a set of novel alternatives and actions that could be taken in advance by stakeholders. In Section 5, some implications and conclusions are provided.
Case Study
Potatoes growing on the island of Tenerife, in the Canary Islands, have an undeniable economic, social, cultural, scenic, historical and environmental significance [29, 30] . Potatoes are grown mainly at an altitude of between 500 and 1000 metres above sea level in the north of the island. However, they are also grown in the south of the island, and below 1000 metres all over the island.
These crops are linked to some cultural traditions of the island, i.e., gastronomy or particular farming practices, and account for approximately 13% of all cultivated land surface on the island; in terms of production, over 30,000 tons are grown a year. In 2010, it was estimated that potato production in the province of Santa Cruz de Tenerife generated over 13 million euros a year. It is also an important factor in landscape conservation. In addition, potato consumption in the Canary Islands is high (143 g/person/day), as it is one of the staples of the islanders' diet [30] .
Ancient potato varieties are grown in the Canary Islands with names such as antigua, de color or bonita. These resemble varieties from Peru, of which they are direct descendants. They are most likely selections, hybrids or variants of those early tubers that were brought to the Islands from America and have contributed to a biodiversity that is unique in the world [31, 32] .
In 1999, the presence of a moth, unlike local species, was detected in a specific area of the north of the island of Tenerife. In 2000, it was confirmed to be Scrobipalpopsis (Tecia) solanivora, otherwise known as "the Guatemalan potato moth" [32] . This pest has spread over almost all the island mainly by winds and by exchange of infested seeds among farmers, and it has not been possible to contain (see Figure 1) . Serious infestations of Tecia solanivora have been reported in the Canary Islands, leading to an estimated 25% decrease in potato production in the archipelago [34] . As a result, there has been a drastic decrease in the area of cultivated land (Figure 2) , as well as a significant decline in annual production ( Figures 3 and 4) .
The large number of infested potatoes also has a significant environmental impact on the island's ecosystem, Table 1 summarises these impacts and Table 2 exposes the decisions taken by different stakeholders in order to deal with them.
Serious infestations of Tecia solanivora have been reported in the Canary Islands, leading to an estimated 25% decrease in potato production in the archipelago [34] . As a result, there has been a drastic decrease in the area of cultivated land (Figure 2) , as well as a significant decline in annual production (Figures 3 and 4) . The large number of infested potatoes also has a significant environmental impact on the island's ecosystem, Table 1 summarises these impacts and Table 2 exposes the decisions taken by different stakeholders in order to deal with them. experts, experiments need time to achieve results, and in many cases, it has not been possible to achieve satisfactory outcomes. According to the available statistics of Tenerife's landfill sites, during 2007, more than 500 tons of infected potatoes were collected, and during 2010, a quantity of 486 tons. These data correspond only to the tons of infested potatoes that farmers deposited in the collection containers, placed at different locations around the island by the public administration. They do not reflect the real magnitude of the problematique since they do not take into account the rest of infested potatoes that are discarded directly into the environment. This practice, unfortunately, allows the pest to experts, experiments need time to achieve results, and in many cases, it has not been possible to achieve satisfactory outcomes. According to the available statistics of Tenerife's landfill sites, during 2007, more than 500 tons of infected potatoes were collected, and during 2010, a quantity of 486 tons. These data correspond only to the tons of infested potatoes that farmers deposited in the collection containers, placed at different locations around the island by the public administration. They do not reflect the real magnitude of the problematique since they do not take into account the rest of infested potatoes that are discarded directly into the environment. This practice, unfortunately, allows the pest to 
Farmland abandonment and Landscape transformation
Agricultural surface has been reduced and land use has changed to inactivity, this situation affects the value of agricultural landscape on the island. For instance, 1096 ha were abandoned during the year 2008. Causes for abandonment are the low profitability of local production, due to the rivalry with importers and drought periods, which increase pest incidence. Inconsistent by farmers. Low control on their applications by authorities.
Recommendations released from
Cabildo and research bodies.
Scientific
Searching for natural autochthonous enemies. Not found/not successful [38] .
Research bodies (ICIA, ULL)
Copidosoma Koehler (Hymenoptera: Encyrtidae) was released for biological control. Not successful [39] Use of entomopathogenic fungi and nematodes. Not concluded. Still testing. [40] Use of Granulovirus. [41, 42] Apply a CO 2 atmosphere in storage. Success in storage [43] Phytosanitary product application: clorpirifos, diazinone, oxamyl or tefluthrin. Not successful. [44] CCBAT Policy decisions and recommendations did not lead to the expected results, since their application have not been regularly followed by farmers and authorities. According to scientific experts, experiments need time to achieve results, and in many cases, it has not been possible to achieve satisfactory outcomes.
According to the available statistics of Tenerife's landfill sites, during 2007, more than 500 tons of infected potatoes were collected, and during 2010, a quantity of 486 tons. These data correspond only to the tons of infested potatoes that farmers deposited in the collection containers, placed at different locations around the island by the public administration. They do not reflect the real magnitude of the problematique since they do not take into account the rest of infested potatoes that are discarded directly into the environment. This practice, unfortunately, allows the pest to reproduce freely in the open and reinfect subsequent crops, leading to much higher quantities of infested potatoes annually. Figure 2 shows the total number of tons of infested potatoes that were collected in containers between 2004 and 2010. Before the year 2004 and after 2010, containers were not provided, hence there are no data available. Dealing with all this huge quantity of potatoes involves considerable costs for local and insular authorities, which have to provide containers, logistics and transport to the landfill, treatment at destination, alongside other services that generate expenses (see Table 1 ).
There have also been failings in the handling of infested potatoes. For example, by leaving them on the land or in nearby areas (ravines, etc.), new crops have been reinfected, thus perpetuating the annual cycle of pest infestation.
However, the negative effects have not only been felt in production, legislation impacts also affect business, since T. solanivora is classified as a quarantine organism [45, 46] meaning the immobilisation of the Island's potato production, banning shipment both between islands and beyond, either to the Spanish mainland or the rest of the world. This is because the larvae persist inside the potato seeds, and it is not possible to discriminate a healthy potato from an infested one during the first stages of the infestation.
The environmental aspects include the impact on traditional native potato varieties: Papas Antiguas de Canarias PDO (protected designation of origin), which have been affected by this pest. This is particularly serious as these genetic varieties are found nowhere else in the world, and the worst-case scenario could mean the disappearance of some or all of these varieties. The foreseeable consequences include: from an economic perspective, a loss of traditional farming methods that are a source of income and employment in rural areas, related to the cultivation of native potato (seedtime, irrigation, control of other plagues, conservation of the crop and soil, etc.); from an environmental perspective, the loss of agro-biodiversity through the disappearance of varieties that are unique in the world. There is also the possibility of a decline in agricultural activity with the consequent abandonment of farmland and a probable change in land use to other activities, which would mean a reclassification of the land and, therefore, a loss of its environmental function. Farmland abandonment has already happened (see Figure 2 ) affecting agricultural landscape due to the inactivity of the land. Table 1 summarises the different dimension and impacts interacting in the case of the Guatemalan moth affecting the potato production in Tenerife. As has been argued, the impacts exceed agricultural or economic aspects, and affect environmental, governance and also social domains.
Actions and Recommendations Taken to Date by Identified Stakeholders
Impacts caused by the pest on different dimensions (social, economic, environmental and institutional) and a review of the decisions taken since the beginning of the problem are shown in Table 2 .
Method
This case study is a clear example of a type of complex system in which the impacts are unpredictable, science has not been able to solve or contain the problem, and various opposing interests may be seen within the governance processes. The SIA proposed in this paper is based on an integration of various social techniques such as an extensive review of documentation and literature related to the issue, expert interviews, and a focus group centred on farmers in order to concentrate farmers' knowledge and integrate it into the analysis (see Figure 5 ). The proposed methodology aims at tackling the problem at hand from a broad perspective, paying particular attention to the following: (a) the social context in which policies and decisions are taken; and (b) the stakeholders involved in the process, as well as their interests and interrelationships [2] . Particularly, the main objectives of this social analysis are twofold:
(1) Issue framing. In order to contextualise the problematique, covering all possible analytical variables and to analyse the social, environmental, economic and governance interrelationships caused by the pest. To this end, social research techniques, such as a literature review (press, articles, documents, legislation, etc.), and expert interviews were used. (2) Stakeholder identification and mapping. To identify the preferences and interests that cannot be explained and forecast on the basis of a homo-economicus rationality, but are conditioned by rules, by the role of institutions, by values and habits, and interactions with other stakeholders [64] . This sub-objective is, therefore, about identifying the stakeholders, a static element of the decision-making processes, and identifying the interactions and potential conflicts between them.
Additionally, a third sub-objective emerged during the analysis process, the identification of factors that create uncertainties in the system under study. Uncertainty has been studied extensively in the literature under various categories and definitions [47, 48] . The above two steps enabled influential elements that were hidden in the system to be detected. This allows decision-making based on better knowledge of the complexity of the problem. It is not about defining the uncertainties per se, but identifying factors that burden decision-making with uncertainty.
Applying a key informant approach, in-depth interviews were carried out with six experts from different fields of activity and knowledge related to the issue during January and May 2015. Each interview was carried out in a face-to-face format with duration of approximately 2 h. The information extracted from these interviews was complemented by specific questions by e-mail.
Questions asked that were related to: (a) the relationship with other stakeholders (i. The proposed methodology aims at tackling the problem at hand from a broad perspective, paying particular attention to the following: (a) the social context in which policies and decisions are taken; and (b) the stakeholders involved in the process, as well as their interests and interrelationships [2] . Particularly, the main objectives of this social analysis are twofold:
(1) Issue framing. In order to contextualise the problematique, covering all possible analytical variables and to analyse the social, environmental, economic and governance interrelationships caused by the pest. To this end, social research techniques, such as a literature review (press, articles, documents, legislation, etc.), and expert interviews were used. (2) Stakeholder identification and mapping. To identify the preferences and interests that cannot be explained and forecast on the basis of a homo-economicus rationality, but are conditioned by rules, by the role of institutions, by values and habits, and interactions with other stakeholders [5] . This sub-objective is, therefore, about identifying the stakeholders, a static element of the decision-making processes, and identifying the interactions and potential conflicts between them.
Questions asked that were related to: (a) the relationship with other stakeholders (i.e., Are there explicit conflicts between groups? Do you perceive contradictions between stakeholders' recommendations and/or actions? Have there been collaborative management or participatory research processes previously? Do you think these processes are important? Can you explain the role of different groups and knowledge involved in the problematique: scientists, technicians, policy makers, farmers, entrepreneurs . . . ); (b) behaviour of farmers (i.e., Do you think they follow recommendations? Do you think that the information released from scientific and technical authorities reach all the potato farmers on the island? Would farmers' knowledge and experience be relevant to decision-making processes?); (c) main impacts caused by the pest; (d) expectations for the future (i.e., Will the pest be eradicated from the island? if yes, by what means? if not, why not? Which variables will influence the spread of the pest? Are there uncontrollable variables?); (e) new recommendations to take.
Experts were selected according to the following criteria: (a) level of involvement in solving the problem; (b) experience of the problem (personal knowledge, fieldwork); (c) knowledge of the species Tecia solanivora and potato cultivation in Tenerife (measured in terms of publications and/or teaching on the subject); and (d) representativeness of a social sector (political-administrative, civil society, science and technology). The identified experts are shown in Table 3 . Table 3 . Stakeholders interviewed.
Experts
Field of Knowledge The purpose of these interviews was to create socially robust knowledge by either filling the gaps in the analysts' understanding or providing a different perspective on the issue, as well as allowing experts to reflect their take on events and offer them the opportunity to voice social actors' opinions on the problem [49] .
Considering farmers as a wide and heterogeneous group, a focus group was carried out to elicit the visions and expectations that they have about the issue. The focus group was planned according to heterogeneous criteria: (a) interest in the protection of ancient varieties; (b) importers; (c) domestic farmers; (d) large producers; all of them were affected by the infestation.
The group was composed of twelve potato farmers, with ages between 35 and 84 years old, from several agricultural districts of the north of the island. Two of them are members of a Rural Association that works on an insular level; one of them is a large local producer and also imports potatoes at a regional level; two are sizeable entrepreneurs of vegetables and potatoes; four of them produce for local markets (municipality); and three are domestic farmers interested in conservation of ancient genetic varieties.
The research group structured the session in four main points: (a) the existence of the moth, impacts and consequences for participants; (b) the relationship between farmers and other stakeholders as scientists, council, technicians, cooperatives and rural associations (Are they listened to in decision-making? Have they participated somehow in a decision process? Do they agree with decisions taken?); (c) their expectations about the future; and (d) actions and strategies to fight against the infestation.
The research team asked questions orally to each participant, and then a debate after each question arose in a natural manner, highlighting the concerns of all participants. The whole session was recorded and the relevant information was extracted during the posterior analysis.
Results
The methodological process allows an analysis of the results in a progressive and qualitative manner, in which ultimate outputs, presented as original recommendations and actions, are structured under social, economic, environmental and institutional dimensions and contrasted with historic decisions taken by technicians and policy institutions since the beginning of the problem.
Stakeholder Identification and Mapping
As shown in Table 4 , four groups were identified according to their geographical level. At a local level, there are potato farmers and the municipal authorities of the producer regions. At an island level, there are rural associations that work to protect and develop agricultural and rural heritage; economic stakeholders such as cooperatives and exporters. CULTESA (City, Country) is a public biotechnology company dedicated to the production of plants by in vitro multiplication techniques and provides solutions to the different production and commercial strategies of farmers. CCBAT is the Centre for the Conservation of Agricultural Biodiversity in Tenerife; the University of La Laguna (ULL) as a science actor, and the Cabildo, which is the island governmental body, with its Agricultural Extension Agencies. At a regional level, there is the Canarian Government; importers of seeds and potatoes for consumption; and the Canarian Institute for Agricultural Research (ICIA). Finally, at a national level, there is the National Institute for Agricultural Research (INIA) mainly as a research funder and the Biotechnology Institute of Navarra, which has collaborated on some research projects on the Island. 
Local Level
Municipalities Farmers
Island Level
Cabildo (Insular Government) Rural Associations Cooperatives Exporters CULTESA CCBAT University of La Laguna (ULL)
Regional Level
The Canary Islands Government Importers ICIA At a national and regional level, INIA (as a part of the Ministry of Agriculture) and the Canarian Government act as regulatory actors, implementing preventive measures in order to reduce the risk of dissemination of the pest. These organizations collect information and data on the pest, but the Cabildo (Island Council) is the body that makes the main monitoring effort.
National Level
Thus, decisions are made directly by the Cabildo, based on technical and scientific results and information provided by representatives of the business and science sectors, such as some cooperatives and rural associations, ICIA, CULTESA, CCBAT, ULL, and by technicians of the Canarian Government and the Agricultural Extension Agencies.
In Figure 6 , actors are positioned according to their capacity to influence decision-making, the territorial scale in which they operate and the degree to which they are affected by the pest. cooperatives and rural associations, ICIA, CULTESA, CCBAT, ULL, and by technicians of the Canarian Government and the Agricultural Extension Agencies. In Figure 6 , actors are positioned according to their capacity to influence decision-making, the territorial scale in which they operate and the degree to which they are affected by the pest. At the local level, farmers are the most affected social group, the group that deals directly with the pest as they grow the crops, but they have no capacity to directly influence decision-making. Exporters are in a similar position with their activity being paralysed by the regulatory system. This group is affected in terms of opportunity costs since the production cannot be shifted to other regions. On the contrary, importers of potatoes for household consumption are unaffected by the existence of the pest. Municipalities are affected in terms of loss of employment, changes in land use and rural landscape degradation, but they do not have sufficient power to influence decisions and their economic limitations determine their range of possible actions.
At the island level, the private sector, such as cooperatives and growers organizations that are made up of farmers have suffered a huge economic impact during the years in which the pest caused great losses. As this aspect is relatively unpredictable, they have had to deal with this uncertainty every season.
Rural associations work to promote integrated rural development with the purpose of improving the quality of life of farm workers and to empower farming communities, through skills development and information initiatives. In this context, they have felt a medium level of impact on their activities because they are not conditioned by the pest, but they are in some cases concerned about this matter. In terms of their influence, these groups might be considered as pressure organizations at higher levels.
The Cabildo (Island Council) is the actor with the most responsibility for this issue and is being affected in terms of economic costs of research activities and human resources, waste management costs of infested potatoes, information campaign costs and the conflicts in management efforts, since it has to deal with all the actors that interact within the potato sector. At a national and international level, there are research groups that collaborate with local technicians and scientific actors without being impacted; and the legislative power, which has a At the local level, farmers are the most affected social group, the group that deals directly with the pest as they grow the crops, but they have no capacity to directly influence decision-making. Exporters are in a similar position with their activity being paralysed by the regulatory system. This group is affected in terms of opportunity costs since the production cannot be shifted to other regions. On the contrary, importers of potatoes for household consumption are unaffected by the existence of the pest. Municipalities are affected in terms of loss of employment, changes in land use and rural landscape degradation, but they do not have sufficient power to influence decisions and their economic limitations determine their range of possible actions.
The Cabildo (Island Council) is the actor with the most responsibility for this issue and is being affected in terms of economic costs of research activities and human resources, waste management costs of infested potatoes, information campaign costs and the conflicts in management efforts, since it has to deal with all the actors that interact within the potato sector. At a national and international level, there are research groups that collaborate with local technicians and scientific actors without being impacted; and the legislative power, which has a high level of influence but is not affected by the pest, since it has not spread to other territories.
Issue Framing
The information collected was useful to assist with the experts' interviews and farmers' focus group processes in order to build a general framing of the problematique. It helped determine the major deficiencies in order to identify the hidden uncertainties influencing the problem; and establish new alternatives and actions to take in advance by stakeholders. Four main aspects were identified in this stage:
‚

Lack of participatory processes
All the impacts discussed in Section 2 do not occur spontaneously, as said before, they are due to the interaction among different social groups with interests in the cultivation and production of potatoes on the island; thus, their behaviour and interrelationships will largely amplify the effects of the pest. In this sense, research innovations and efforts are not useful if farmers do not trust and follow instructions in an adequate manner.
"At the beginning of the problem, during the years 2002 and 2003, several efforts from technicians of Cabildo (Island Government) were carried out in order to involve farmers from affected areas into a process targeted at transferring information about the dynamic and behaviour of the new moth. These efforts consisted of periodical meetings and crop visits, but resulted in a progressive loss of interest from farmers, and finally these meetings were abandoned."
There is no exchange of knowledge based on the experience of farmers on the ground, and their experience and knowledge is usually given very little consideration. They form a group that may be considered a mere recipient of scientific and institutional information, and this leads to "malpractice" in the field as they do not trust or have the specific or appropriate knowledge of the measures that experts consider necessary to control the pest. However, the focus group revealed that farmers have a clear and holistic vision of the problem. Trust and coordination-or the lack of-among the relevant actors interacting at all levels of the potato sector (production, commercialisation, consumption, etc.) can influence and lead to decisions with positive but also some with negative results.
‚
Harmful environmental practices
This disconnection is not unique to this case study, for instance, Carrillo et al. [13] found that due to the risk of high losses, lack of collaborative management, insufficient extension programs and the involvement of other important pest problems, potato growers tend to rely on the application of chemical pesticides as their only management option. In our case, researchers and technicians coincide:
(1) Researcher I "The results we have been obtaining have been disseminated in such a way that farmers, agricultural agents and cooperative managers can understand them. However, the hardest thing is to make them understand that to provide a solution, time is needed to develop and evaluate tests... Farmers seek a quick solution in the field because they do not want crop losses." [51] (2) Researcher B "Farmers ask for rapid solutions, they do not want to lose their production and cannot wait for the results of scientific methods." [52] (3) Technician V "Technicians try to communicate recommendations to farmers, but sometimes, low expectations from farmers on the results and the need to sell the production as best as possible can carry more weight on their decisions than to apply methods correctly." [53] Therefore, many farmers, when working on their land, do not follow the recommendations and measures prescribed by the authorities to prevent and/or control pests, and those that do are in a minority. This is due, on the one hand, to the lack of effective supervision by the authorities, and on the other hand, to the fact that the farmer loses motivation and interest in carrying out the measures after observing that the infestation has not been minimised, since:
"Farmers are not receiving adequate information to enable them to adopt the farm management measures proposed by the Cabildo and by other researchers. Farmers do not usually adopt these measures but in no way can they be blamed, because in most cases they are unaware of them. In addition, the lack of financial and technical resources, in many cases, makes them unworkable." ([54]) However, the information and research processes have mainly been top-down, this was the opinion of one of the agronomists, who was most directly involved in this issue:
"This knowledge is communicated in talks given by researchers to farmers and to technicians at the farmers' offices in the municipalities so that the information can be passed on. Let me tell you, there are then many 'scientists' among the farmers and they commit atrocities in the field." ( [53] )
In this sense, many farmers do not trust the public administration and scientists' practices and try to attack the moth with their own strategies. Some of them spray the plants with domestic use detergent; others put bleach in the irrigation water or spray bleach directly to soil.
During the focus group, experienced farmers claim that the moth might be fought through agro-ecological practices, but there are many farmers, technicians and politicians who are not aware and generally do not know about this approach and its practices.
‚
Inconsistent application of measures by farmers
Many farmers do not follow the recommendations regularly because there is a lack of regular communication between farmers and technicians, additionally there is not a regular control on the application of measures by authorities.
Potato' trade between farmers from different areas of the island is a tradition. Unfortunately, this means that affected potatoes might move between crops spreading the disease. The capacity of farmers to understand the scientific methods or technical language might be a limitation in order to apply these methods during the crop seasons in a correct manner.
Besides, there is inconsistency in the application of recommended control measures on the ground between growing seasons. During some seasons intensive measures are applied and in others there is a full or partial relaxation due to misperceptions about the incidence of the pest. The argument given is that the variable weather in each growing season determines how the measures are applied, i.e., in years of plentiful rainfall the spread of the pest decreases and in dry seasons it increases, but the measures are not implemented due to the perception that the pest will not be affected.
Much of the problem has, historically, had a social origin, in terms of organisation, management and coordination, and the scientific and technical measures serve as a complement to help mitigate the consequences. They do not, however, constitute a single solution and this perception of incomplete control may be seen in the negative expectations of the experts:
"I think this pest will never be eradicated in the Canary Islands, we will always have to live with it, sometimes more heavily in some years than in others, but we must accept this situation." ( Tons of surplus infested potatoes are treated and destroyed in landfills. This produces economic losses for the authorities, as they have to pay farmers per kilogram (the decision to establish economic compensations per kg of infested potatoes (0.25 €/kg) was rejected in the year 2011), as well as the cost of transport, storage, treatment and destruction, and maintenance of the treatment plant. In addition, it was deduced from the interviews that this was the wrong decision, since appropriate control measures were not taken, as stated by researcher I:
" . . . On the other hand, no one should obtain financial gain from this pest (the case of payment per kilogram) and instead of paying for the infested potatoes per kilogram there should be more control and sanctions on the part of the administration." ( [51] ) "Transportation to the collection containers is done under lax conditions, which helps the pest propagate. A solution has been chosen which disperses the species in transit to the warehouse." ([56]) 
Uncertainties
Another crucial aspect to understand more clearly the case study and to facilitate better decisions about the moth is the elicitation of related uncertainties. As Gallopin [57] pointed out, complex systems give rise to many sources of uncertainty, some of which, such as uncertainty due to random processes or ignorance, may be reduced by introducing more data and further research. Fundamental, irreducible uncertainty may arise from non-linear processes (e.g., chaotic behaviour), in the process of self-organisation or through determined behaviour on the part of different stakeholders or agents, each with their own goals.
The uncertainties in our system are linked to factors surrounding the issue in question and correlate with further propagation and lax control. The inter-and intra-group conflicts are shown to be indeterminate, i.e., we do not know the interrelationships that occur between the different stakeholders. This situation leads to inefficient management of all aspects related to the cultivation of potatoes and therefore facilitates the territorial propagation of the moth. Uncontrollable variables such as climate change and economic crises, which involve undetermined impacts that are very difficult to predict, also influence the issues under study. The moth has spread from the area where it was discovered to the rest of the island by several means, such as weather conditions (winds, etc.), and dispersion due to human activity (transport of produce over the island; seed exchange among farmers in different parts of the island).
The continuous outward movement of people from the islands is also a potential source of propagation of this pest to other regions: "The phytosanitary barriers and controls are not strict enough; there is a large volume of incoming and outgoing people in a tourist area like Tenerife. A simple but real example is the number of students carrying potatoes from the island to the mainland and the rest of Europe for consumption there. In many cases, these potatoes are infested, but look healthy, so much so that even the farmers themselves classify as healthy potatoes, ones that are infested."
The tons of infested potatoes, especially those that are not under the control or within the field of vision of the groups, represent an uncertainty in terms of non-availability of data and ignorance [58] . They are not managed properly and the quantity of this type of waste being discharged into the environment is not being controlled.
So the types and sources of uncertainties shown in Table 5 were found during the analysis. 
New Recommendations and Alternatives
Socio-Institutional analysis allows the elaboration of a main framing extracting relevant information from the literature review and from the opinions of the stakeholders involved, and this process facilitates the identification of a set of actions needed to take in advance (see Table 6 ). These recommendations and alternatives are intended to tackle the pest in a better manner and to prevent uncertainties such as climate change, loss of agro-biodiversity, or reduce contradictions between stakeholders. Tables 6 and 7 summarise a set of recommendations and alternatives emerged from interviews and from farmers' perceptions expressed during the focus group. Farmers expressed concern about the pest and a lack of trust in technicians, scientists and institutions, but some of them demonstrated a holistic vision of the problematic, given that they expressed concerns on environmental, social-economic and institutional aspects. Others demonstrated individualism, meaning that the pest is a specific "on the field" problem of each farmer and no institutional or scientific intervention is needed. The research team asked them to turn these concerns into proposals, which led to the majority expressing their trust in agroecological practices as the best way to fight the moth, except for major entrepreneurs and importers, who were not concerned about this topic.
Three main alternatives were proposed from several actors (Table 7) to eliminate definitively the infestation on the island.
According to farmers and scientific actors, these alternatives would definitively eliminate the infestation on the island because the moths' larvae only feed on potato tubers, and without food, moths' reproduction is not possible.
It can be seen that the recommendations (Table 6 ) and alternatives (Table 7) are not beneficial for every actor, although they have been proposed by experts and farmers. For this reason, it is necessary to carry out an inclusive process that allows a consensus to be reached and a common strategy established.
Significantly social-economic impacts can be anticipated if alternatives are implemented. Mainly, alternatives (b) and (c) represent a shock affecting several dimensions on the production chain and food sovereignty in the island since the production value of potatoes in Santa Cruz de Tenerife represents approximately 13 million euros year. Aspects such as loss of employment related to potato production (see Table 1 ), imports intensification to compensate the non-availability of potatoes in the island, or household economy might be affected. Thus, a precautionary approach that includes cost-benefit and large-scale analysis is mandatory in order to prevent negative consequences.
Conclusions
Many authors [59] discuss the need to balance the stated purposes, expectations and wishes with the practical need to build new decision-making processes that include not only new structures, but also new ways of thinking, communicating and interacting. In the current case, it has been highlighted that public administrations and research bodies have based their actions solely on technical and scientific aspects and have undervalued other important factors such as the role of traditional knowledge in the use of land; the agro-ecosystem management, which could have controlled the pest in the field much better; the potato trade between different agricultural areas of the island, a well-known traditional practice; or domestic farmers who are not involved in the productive sector, but did not receive the information thus allowing the moth to reproduce. The great capacity of dispersion of this pest has an important social component, rather than ecological.
The methodology applied allows a broad qualitative contextualisation due to the identification of several dimensions of analysis, such as the social-economic and environmental impacts, the relationship among stakeholders, the decisions taken from a historic perspective, and facilitates an analysis of the problematic from different points of view and interests of the different actors involved. This allows several alternatives and actions to be identified that could complement the current decision-making processes and open new lines of research on the issue under study. Opinions and expectations are elicited to integrate different sources of knowledge and types of uncertainty into participatory processes that could change the decisions taken so far.
Every actor involved is capable of proposing several recommendations and alternatives, which have not been proposed previously in a public manner. These alternatives and recommendations are shown in Section 4.4, and their objective is to complement the actions taken so far since the beginning of the problematic. Thus, four general questions, aside from main impacts (Table 1) need to be answered:
‚
How to increase participatory processes.
How to avoid harmful environmental practices.
How to apply consistent measures during field labour.
‚ How to increase control over economic costs.
These are relevant questions to help search for solutions that complement scientific and technical advances and recommendations. It is not a matter of undervaluing experimental scientific knowledge applied to the control of agricultural pests, but rather integrating it into strategies and methods that provide a holistic view of the system in which these pests thrive.
Scientists and farmers declare that by applying one of the alternatives shown in Table 6 , the pest will be eliminated from the island, but making this decision will lead to conflicts and social-economic impacts. Adopting one of these alternatives implies several consequences, thus, important questions emerge: What are the economic, environmental and social costs of each alternative and for each actor? Who would take this decision, and in what manner?
Here lies complexity, in cases like this one that are characterized by "uncertain facts, values in dispute, high stakes and urgent decision-making" [60] . Decision-making processes, under these conditions, demand inclusive, transdisciplinary and participatory approaches. An exotic agricultural pest is not a simple issue; diagnosis and strategies to face it should recognise the inherent systemic and social complexities. This means that there are not only technical and environmental variables, but also social, cultural, economic, ecological and political ones that surround a pest infection, which cannot be avoided and have to be taken into account.
